Possible similarity between the chemical and the enzymic decarboxylations of oxaloacetic acid have prompted studies on the cation-catalysed decarboxylation (Westheimer, 1963; Rund & Plane, 1964; Claus & Rund, 1969) in the hope that it may serve as a model system for oxaloacetate decarboxylase (Kosicki & Westheimer, 1968) and the 'malic' enzyme (Hsu, Lardy & Cleland, 1967) .
The 'malic' enzyme (L-malate-NADP+ oxidoreductase, decarboxylating; EC 1.1.1.40) which catalyses the oxidative decarboxylation of malate to pyruvate and CO2 (Ochoa, Mahler & Kornberg, 1948; The 'malic' enzyme is inhibited by high concentrations of cations (Speck, 1949; Rutter & Lardy, 1958; Stickland, 1959 Purifcation of enzyme. The 'malic' enzyme from wheat germ has been partially purified (Harary, Korey & Ochoa, 1953) ; however, the instability of this enzyme necessitated the development of a simplified procedure as described below. A purification of 300-fold was obtained in 1-2 days. All the steps were performed at 0-40C and the centrifugation was carried out in a refrigerated centrifuge at 7000g for 15 min unless otherwise stated. Acetone-dried wheat germ (lOOg) (Ochoa, 1955) with cold 2M-acetic acid and the precipitate was removed by centrifugation. The supernatant was fractionated with cold (-10°C) 95% ethanol, and the fraction, precipitated between 11.7% and 30.4% ethanol, was dissolved in 40ml of 0.01 m-sodium phosphate buffer, pH 7.4, containing 5mm-2-mercaptoethanol. It was clarified by centrifugation and the clear solution was fractionated with a saturated solution of (NH4)2504. The fraction, precipitated between 50% and 65% saturation was dissolved in a minimum volume of 0.01m-sodium phosphate buffer, pH7.4, containing 5mM-2-mercaptoethanol. This solution was delivered on to a Sephadex G-200 column (Sephadex column K25/90) fitted with an upward flow adaptor. Proteins were eluted from the column in an ascending manner with the same buffer. The 5 ml-fraction which had the highest specifio activity was used for kinetic studies.
Measurement of enzymic activities. The 'AI AND R. A. SAMAD compound (I) is active in the cation-and the 'malic' enzyme-catalysed reactions. 4-Ethyl oxaloacetate (compound III), though inactive in the decarboxylation chemically or enzymically, is a competitive inhibitor (Kg = 5.0+t0.6 x 10-4M) for the decarboxylation of compound (I) (Fig. 1) (-) 
RESULTS
The 'malic' enzyme from wheat germ has been partially purified (Harary et al. 1953) . However, the instability of this enzyme necessitates the development of a simplified procedure which is presented in Table 1 . A purification of 300-fold was achieved in 1-2 days.
When tested for the decarboxylation, oxaloacetic acid (compound I) and its 1-ethyl (pM*min-I) 25 .6 0 1.9 0 inactive both as substrates and inhibitors. The Km value for the hydrogenation of compound (III) is close to the K, value for the decarboxylation of compound (I). This is consistent with the two component reactions taking place at the same site of the enzyme molecule. Fig. 2 shows that the 'malic' enzyme-catalysed hydrogenation of oxaloacetic acid is activated by appropriate concentrations of cations but is inhibited at high cation concentrations. By lowering the polarity of solvents, an identical inhibitory effect was observed for the cation-catalysed decarboxylation of oxaloacetic acid at high cation concentrations (Fig. 3) . At a saturating substrate concentration (5 x 10-3M), the cation inhibition gives a linear Hill plot with a coefficient of 1.7 (Fig. 4) Vol. 124at the 4-carboxyl group and does not form the complex (V), is not inhibited by high cation concentrations in the 'malic' enzyme-catalysed hydrogenation (Fig. 5) . DISCUSSION Chemical studies of oxaloacetic acid (compound I) and its ethyl esters (compounds II, III and IV) can be briefly summarized as follows for R-O-CO-CO-CH2-CO-O-R': (I) oxaloacetic acid, R = H, R' = H; (II) 1-ethyl oxaloacetate, R = C2H5, R' = H; (III) 4-ethyl oxaloacetate, R = H, R' = C2H5;
(IV) diethyl oxaloacetate, R = C2H5, R' = C2H5.
Only compound (I) and compound (II), which possess the ionizable 4-carboxyl groups, undergo decarboxylation in an aqueous solution at an appropriate pH range. The monoanion is the major active species which decarboxylates spontaneously by the proposed mechanism (Tsai, 1967) :
does not have free carboxyl groups and is inactive both in the complex-formation and the decarboxylation.
Ifoxaloacetates form an active complex analogous to the complex (VI) with the 'malic' enzyme via cations (Hsu, Lardy & Cleland, 1967) , the structureactivity relationship of the chemical systems described above should be applicable to the enzymic system. Indeed, this is what was observed. Of four compounds [(I)-(IV)] tested, compound (I) and compound (III) interact with the 'malic' enzyme and are substrates for the dehydrogenation reaction. Although only compound (I) is the active substrate for the decarboxylation reactions, compound (III) acts as its competitive inhibitor. Since compound (II) and compound (IV) are esterified at the 1 -carboxyl group, which prevents these compounds from forming the complex (VI), they are neither substrates nor inhibitors for the two-component reactions of the 'malic' enzyme catalysis. The free 1 -carboxyl group is essential for the interaction -Hff+. O=-C~-CH-C '-
The decarboxylation of compound (I), which chelates with cations to form an a-oxocarboxylate complex (VI), is facilitated by cations according to the following mechanism (Steinberger & Westheimer, 1951; Gelles & Hay, 1958 
where R H or C2H5 structurally capable of forming the oc-oxocarboxylate complex with cations at the active site of the enzyme. At appropriate concentrations, bivalent cations are activators of the 'malic' enzyme. However, they inhibit the hydrogenation of compound (I) at high concentrations presumably via the formation of the complex (V). This is supported by the observation that the hydrogenation of compound (III) is insensitive to inhibition by high cation concentrations. A parallel effect of cations is observed in the chemical system. At low cation concentration, the rate of cation-catalysed decarboxylation of compound (I) increases with a decreasing polarity of solvents. However, the rate Vol. 124 'MALIC' ENZYME CATALYSIS is retarded by a lowering polarity of solvents at high cation concentration. It is interesting to speculate that there may exist a hydrophobic region at or near the active site of the 'malic' enzyme. Since the decarboxylation of oxaloacetic acid proceeds via a charge dispersion as the reaction passes into the transition state (Tsai, 1967) , its rate should be enhanced by a lowering polarity of solvent (Ingold, 1953) . The hydrophobic facilitation of the rate (Rund & Plane, 1964 ) may be, in part, responsible for the catalytic efficiency of the 'malic' enzyme.
